In this study the author examines the effect of the speed of population aging on the financial markets in 11 OECD (The Organisation for Economic Co-operation and Development) countries after controlling the proportion of labor population, the growth rate of real GDP (Gross Domestic Product), the rate of increasing productivity, inflation rate, and the rate of increasing scale of pension market. The author finds that the performance of stock market is affected by complex factors including increasing of average life expectancy, the growth rate of real GDP, the rate of increasing productivity, the inflation rate, the earning rate of stock market and the rate of increasing scale of pension market. Especially, the proportion of economically active people is the most significant factor to explain the stock market performance. Considering the decreasing proportion of economically active people in aging societies, the decrease of productivity and eventually the decrease of earnings from financial markets would be expected.
Introduction8©
Over the last 30 years, developed countries such as OECD members have experienced a very strong growth of public pension systems to prepare the aging society and the growth is expected to get stronger in the future. Chand and Jaeger (1996) argue that the size of the public pension systems as a percentage of GDP will increase by about 50 percent from 1995 to 2030 in France and in Italy, and almost double in Germany, if benefits stay as they were in 1992 in real terms. In the early period of public pension system, the government would receive surplus to invest especially in the stock markets, but as the system matures the government needs money to pay for the benefit so that the government should sell their financial asset in the stock market. Thus, in addition to the numerous financial crises that affected the global financial markets, there would be another long-term change that could impact even more on the stock market. Mitchell et al. (2006) reviewed the theoretical and empirical lessons regarding the potential impact of population aging on global financial markets and find that the onset of massive demographic change may have some undesirable impacts on key forms of private and public old-age support. Hári et al. (2008) analyzed the importance of longevity risk for the solvency of portfolios of pension annuities to show that if financial market risk is fully hedged so that uncertainty in future lifetime is the only source of uncertainty, pension funds are exposed to a substantial amount of risk. Boersch-Supan and Winter (2001) show that the growth rate of the pension fund industry in European countries is positively correlated with the size of the stock market.
A number of empirical studies have explored the relationship between a nation's population age structure and its capital market returns. Arnott and Chaves (2012) suggest that investors should prepare for a long prospective period during which returns will fall below their historical averages. Liu and Spiegel (2011) find a positive correlation between population age structure, particularly the fraction of the population of prime working age, and returns. Poterba (2001) , however, does not find any robust relationship between age structure and equity returns in the United States, United Kingdom, or Canada.
Many countries including Korea have become aging societies rapidly, but the preparations for the aging society may not be adequate. Public pension plan has been controversial on its long-term sustainability, because instability of the pension finance has increased due to the rapidly progressive aging society and ensuring high profitability from pension structure. Especially in Korea, as government employee pension and military pension entered the mature stage, their pension payment exceeds pension premium more than $ 1 billion every year, so that they should be compensated by the national finance for the loss. Given the amount of the fund's investment in the financial markets, the effect of becoming an aging society would be significant on the financial markets.
There is a prospect that there will be a great likelihood of changes in the financial markets. There are several important changes in financial market caused by the aging society. First, aging society converted many countries from having capital requirements to having financial surplus. If the capital is overly supplied due to the aging society, different from the past, there would be new demand for financial assets to meet the capital supplier's preference. This situation may cause considerable uncertainty and turbulence in financial market. Second, it expanded the range of financial transactions. In the past, when the aging society was not a big problem, there was no big demand for longterm asset except the demand for houses. The progression of aging society increases the demand for long-term financial assets. According to this transition, transactions at financial institutions are changing from mainly short-term asset management into harmonizing both long-term and short-term assets.
Moreover, aging society changes attitudes to riskiness and causes diversification of demand for financial products. This transition increases not only the preference for stable assets at financial markets, but also demand for innovative products at the same time. In this study, we examine how the demographic change and aging trend appear in OECD countries and what are the aging features that appear uniquely in those countries. Along with, it analyzes the impacts of demographic changes and economic changes on the stock market.
By examining the effect of the speed of population aging on the financial markets in 11 OECD countries after controlling the proportion of labor population, the growth rate of real GDP, the rate of increasing productivity, inflation rate, and the rate of increasing scale of pension market, we find that the performance of stock market is affected by complex factors including increasing of average life expectancy, the growth rate of real GDP, the rate of increasing productivity, the inflation rate, the earning rate of stock market and the rate of increasing scale of pension market. Especially, the proportion of economically active people is the most significant factor to explain the stock market performance. Considering the decreasing proportion of economically active people in aging societies, the decrease of productivity and eventually the decrease of earnings from financial markets would be expected.
The rest of this paper is organized as follows. Section 1 describes the data from the OECD database and other sources. Sections 2 and 3 describe the economic growth and the stock market performance in aging societies. In section 4, the empirical analysis and the results are reported. Finally, final section concludes.
Data
Over the last 30 years, we have experienced the very strong aging trend in OECD countries. In order to examine the effect of aging society on the financial markets, we selected 11 OECD member countries which have developed financial markets and reached the aging society. Aging society is a phenomenon that occurs when the median age of a country rises due to rising life expectancy and declining birth rates. Increase in the life expectancy leads to an aging society. Figure 1 shows a trend of the average life expectancy of the past 30 years in sample countries, from 1980 to 2015. In 1980, the life expectancies in most sample countries except Korea are around 70, but they grow over the last 35 years up to over 80. Especially, the average life span of Korea is growing at a very fast rate compared to other countries, from 65.9 in 1980 to 81.9 in 2010. It is noteworthy that the growth of life expectancy in the United States is not severe relative to other OECD countries. Even in 2015, it is still less than 80 years.
Source: OECD data and author's calculation. Table 1 compares the pace of aging in major countries including Korea. According to the commonly-used United Nation's definition, any society whose proportion of the population aged 65 and over is greater than 7%, 14%, or 20% is called "ageing society", "aged society", and "superaged society," respectively. France is the first country which entered the aging society, as the proportion of elderly population had exceeded 7% in 1864. After that, the transition to an aged society and super-aged society is estimated to take 115 years and 39 years, respectively. Japan entered relatively late into the aging society among developed countries and it is estimated rapid transition to an aged society and super aged society that takes each 24 years and 12 years. However, although Korea had entered the aging society in 2000, it is expected to take place in 18 years to enter aged society and in 8 years from aged society to super aged society. In other words, despite the late entry into an aging society, it is expected to progress in aging at a faster rate than any other country. Depending on the aging progresses at a faster rate, support payments and the aging index are also expected to be world class soon. 
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Economic growth in aging society
Based on the growth accounting which is introduced by Solow (1957) (2013)). The economic growth is determined by the input factors (labor and capital) and total factor productivity. Looking at it in more detail as shown in the following equation, the growth potential is determined by labor, capital and total factor productivity.
where Y is the real GDP, L is labor input, K is the capital commitment, A represents the total factor productivity, and f(.) means the production function. Therefore, economic growth increases when there is an increase in inputs such as labor, capital, and improvement on total factor productivity. However, it is concerned that as aging progresses, especially in decreasing labor input and labor productivity changing, the aging progress will slow down the potential for growth.
Looking specifically into the level of labor productivity, which is reported in Figure 2 , Korean labor productivity in 2010 is about 30%, which is the lowest level among 11 OECD countries. Increasing labor productivity rate is progressing throughout all over the industry. As a result, the IMF warned that Korea's potential growth rate would decline by 2% in 10 years. The decrease in the productive population and labor productivity growth rate due to the aging population reduces the potential growth rate. According to the results from CGE model, the average growth rate lowers steadily from 4.12% in 2006-10 to 3.43% in 2011-20, to 3.33% in 2021-30, and to 2.64% in 2031-40 1 .
Source: OECD data and author's calculation. To see the economic growth over the same period, we report the real GDP in 11 OECD countries in Figure 3 . It is noteworthy that the GDP growth of the United States is consistently positive, except the global financial crisis around 2008. The GDP growth of other countries, however, seems to be weakened recently compared to the 1980s. The GDP growth rate, which fell sharply in the 2000s, is the result of a complex action of aging and slowed growth rate of labor productivity, hours worked and the productive population. Coupled with the aging population, slowing economic growth is expected to be sustained. In Japan the reduced growth compared to 1980s seems to be quite severe.
Source: OECD data and author's calculation. 
Stock market performance in aging society
To examine the stock market performance in aging society, we plot the major stock market index in each sample country in Figure 4 . It is noteworthy that Korea's stock market performance is low among OECD countries and the prospect is not bright by several factors including aging, slower economic growth. Aging effect on the overall growth of the financial markets can be explained largely divided due to the impact from the demand side and supply side. According to Siegel (1993) , at the early stage of aging, financial sector is expanding due to increasing demand for financial assets, including pension savings. But as the aging progresses, there would be reduction in savings that makes overall reduction in demand for financial assets and accordingly asset prices will fall.
Furthermore, if the sustainability of current pension system is skeptical as people are concerned, as the aging society intensifies, falling asset prices phenomenon would appear and deepen. In other words, when the sum of pension payment appears likely to exceed the interest and dividend income arising from pension contributions and financial instruments, massive sale of financial instruments of pension contributions would occur to cover the cash outlays exceeding cash inflows and this will have negative effects on asset markets to collapse including declining asset prices, rising interest rates, and increasing capital costs. The asset meltdown theory is presented in a concern that the baby boomer generation retire and dispose of financial assets that they have accumulated make the asset price collapse and this provoked many reflections.
Source: World Federation of Exchanges and author's calculation.
Fig. 4. Stock market performance
Aging phenomenon causes not only changes in demand to risks, but also to maturity. The more the aging phenomenon progresses, the more retired life becomes longer. Therefore, it prospects that a longterm financial product, which is needed to lead to a long-retired life is increasing demand. It prospects that the aging phenomenon leads to increase assets for long-term deposits the purpose of which is for an aged preparation, especially pension funds and installment funds. As reported in Figure 5 , as almost all countries introduced various kinds of pension's savings schemes and adopted a policy that encourages long-term deposits through pension funds, the aging phenomenon seems to accompany a growth of various pension funds. The aging phenomenon affects not only the whole volume of financial market, but also the demand for various composition of commodities within the financial market. Generally, people tend to manage existing ones rather than trying something new as they are aging. This tendency is shown well in financial transaction, and as people get older, there is more conservative tendency of investment. Meanwhile the young have enough opportunities to recover even though they fail, the old do not have enough time to recover investment loss. Therefore, compared with the young, the elderly who do not have long remaining years tend to have high risk aversion attitudes and to prefer financial assets in order of stability, profitability and liquidity. Thus, it is expected that people prefer low-risk asset than highrisk, high-return asset, indirect investment than direct investment, and bond than stock.
Source: OECD data and author's calculation.
Fig 5. Pension fund asset (billion US$)
Empirical analyses and results
We analyzed the speed of population aging, the proportion of labor population, the growth rate of real GDP, the rate of increasing productivity, inflation rate, earning rate of stock market, the rate of increasing scale of pension market among 11 OECD countries. From these results, we report the average and the median among 8 variables of each country in Table 2 . Compared with other countries, the age growth in Korea is 0.657, which is more than double the growth in other countries on average. However, the proportion of labor population and the growth rate of real GDP seem outstanding compared with other countries so far. Source: OECD data and author's calculation.
The proportion of labor population is 9.863%, and it is higher than other countries' 3~4%. Also, the growth rate of real GDP is 6.758%, which is much higher than 2~3%. However, other countries except for South Korea already have been proceeded the aging phenomenon, and South Korea has a high possibility that it would be the similar situation with other countries considering that the aging phenomenon of South Korea is progressing fast enough.
In Table 3 , we report the correlation among variables based on references of 11 OECD countries above. From this result, we can realize that there is a meaningful relationship between the aging phenomenon and financial market. When we analyze the correlation among variables, working age ratio has a positive correlation in reality with the growth rate of real GDP and the increasing rate of productivity at significant level of 1%. Additionally, there is a positive correlation between the growth rate of real GDP and the increasing rate of productivity. Following the aging phenomenon, it is shown when the scale of pension asset gets bigger, the scale of stock market has a positive correlation. 
To examine the effect of aging society on the financial markets, we run the following regression model over the sample period between 1981 and 2014. We draw 6 models through panel analysis on the earning rate of stock market.
The regression results, as reported in Table 4 , show that the earning rate of stock is affected by complex factors including increasing of average life expectancy, the growth rate of real GDP, the rate of increasing productivity, the inflation rate, the earning rate of stock market and the rate of increasing scale of pension market. Meaningful variables for all 6 models are a proportion of economically active people and an inflation rate. Overall, the earning rate of stock and the proportion of economically active people have 0.5~0.6 betas, their correlation is high. Thus, we can draw that the higher the proportion of economically active people, the higher the earning rate of stock. After all, because of the aging phenomenon, the proportion of economically active people decreases dramatically. This leads to decrease of productivity and eventually links to decrease of the earning rate of stock. Source: OECD data and author's calculation. Note: ***, **, and * indicate statistically significant at the 1%, 5%, and 10% levels, respectively.
Conclusions
In this study, we examined the effect of the speed of population aging on the financial markets in developed countries. We find that the aging phenomenon can bring depression of the financial market. The effect of the aging phenomenon to the overall growth of the financial market corresponds to the theory of the asset market collapse, which is the assumption that overall volume of financial market will be daunted. However, there are a lot of arguments against this. First, people argue that the volume of stock market never decreases dramatically considering the stock market itself only. Considering the structure of stock possession, few rich people own almost all stocks, but it is not seen that they would sell them suddenly for their old age life.
Also, even they sell their stocks, they would move to risk free asset, which guarantee comparative stable cash flow. Thus, the overall volume of the financial market would not be affected by this.
Thirdly, as mentioned above, if accumulated assets are not enough so far, it is necessary that there is a possibility that the rate of savings will increase. In other words, if an uncertainty on income after retirement increases, rather savings increase, so the demand on overall financial assets might grow as well. Lastly, it is necessary to consider asset mobility in open economy. Although domestic finances decrease according to the changes of population structure, there is a possibility that the demand on asset would increase because of influx of foreign assets in the opened financial market. Thus, there is an uncertainty regarding influences of the aging phenomenon on future circumstances, so several alternatives are needed embracing it. For example, according to "The role of finance in aging society," firstly, it is recommended to induce supply of various financial products to prepare the aging phenomenon including housing reverse mortgage, retirement pension, individual annuity insurance, guarantee trust system, long-term fund, health insurance and term insurance.
In the longterm point of view, it is suggested to expand supply of long-term saving goods and to reinforce the institutional support, which enables to develop combined financial products linked to trust or insurance. Especially, it is necessary to pay attention when treasury inflation-protected securities are activated, they can be used as a useful way to understand the private expected inflation. Third, it is necessary to examine actively the introduction of longevity bond or longevity swap, which is able to hedge long-term risk, and it is covered by institutions, which pay life annuities such as national or private pension businesses such as insurance companies.
